Abstract. To address the current problems including energy and environmental pressures as well as climbing oil prices, governments and consumers have been increasingly focused on fuel economy. Combined fuel consumption of passenger vehicles (L/100km) is applied as an important indicator in industry management and consumer promotion. Because fuel consumption is affected by various factors such as curb weight, power and space, combined fuel consumption fails to fully reflect vehicle energy efficiency ability. In this article, the problem of how to establish an indicator system to comprehensively reflect vehicle energy efficiency competitiveness will be discussed. With comprehensive consideration of various indicators, China's gasoline-powered passenger vehicles in 2015 will be analysed by the approach of factor analysis, and an indicator system reflecting passenger vehicle energy efficiency competitiveness and comprehensive competitiveness will be proposed.
Introduction
China's automotive industry has been developing dramatically since the beginning of 21st century. By 2015, China's automobile production and sales volume both exceeded 21 million, and the car-park reached 136 million. The rapid increase in the car-park lead to gradual exposure of problems in energy, environment and transportation, with the growing energy problem as the top issue to address. In 2014, China's motor gasoline consumption took up 90% of the total social gasoline apparent consumption. Additionally, the climbing gasoline prices make consumers more concerned with fuel economy.
So far, absolute fuel economy indicators commonly used in China include urban fuel consumption, suburban fuel consumption, combined fuel consumption and 90km/h constant-speed fuel consumption. Due to the relatively strong correlativity between passenger vehicle fuel economy and curb weight, power rating and external dimensions, energy efficiency comparison between vehicles with different parameters will be one-sided so that a comprehensive indicator system is required to evaluate vehicle energy efficiency competitiveness.
An Overview of the Model
Factor analysis is a widely applied comprehensive evaluation method, which is a statistical model to analyze factor effects behind superficial phenomenon. And then analysis on influencing factors behind vehicle performance data is workable. In this article, the factor analysis model will be employed. The basic structure of the model is as follows:
Assume ⃗ ⃗ is an observable random vector, and
Then the basic form of the factor analysis model is
Where ⃗ denotes the common factor, is the specific factor, ⃗ ⃗ represents the factor load matrix, which means ( ⃗ ⃗ ⃗ ) ⃗ ⃗ , i.e. factor loading is the correlation coefficient of the i-th variable and the j-th common factor. It is generally assumed that
This is the basic model structure, and estimations of relevant parameters are required after establishing the basic model.
Modeling Process

Indicator Selection.
There are many indicators related to vehicle energy efficiency. In this article, power, economy and practicability, the usual concerns of consumers, will be selected as first class indicators, and second class indicators will be determined accordingly. To prevent unbalanced factor weight caused by the quantitative difference, the number of subordinate second class indicators of every first class indicator should be kept roughly the same. Table 1 illustrates the chosen evaluation indicator system. Macro indicators of power are maximum vehicle speed, power rating, specific power, torque. Economy indicators include urban fuel consumption, suburban fuel consumption, and combined fuel consumption. Practicability indicators are vehicle length, width, height and space, where height refers to the actual height of the vehicle (hereinafter), equaling to roof height minus ride height. Because of the difficulty in acquiring space data, an approximate value of length * width * height will be applied as a replacement.
In addition, curb weight is highly correlated to all three first class indicators, thus it is treated as an independent second class indicator. There are 12 indicators in total. 
Model Building.
A sedan, an SUV and a MPV vary greatly in structural functions, for this reason, 708 China's gasoline sedans manufactured in 2015 will be selected as objects to study. Firstly, 12 parameters of all sedans will be normalized and standardized, and maximum likelihood estimation will be conducted on standardized data to estimate the factor load matrix. Then variance will be maximized by orthogonal rotation and factor scores will obtained by performance comparison on different sedan models.
Maximum Likelihood Estimation (MLE).
Maximum likelihood estimation (MLE) results of the factor load matrix can be gained by iteration. MLE results of the factor analysis model is provided by factor analysis on gasoline sedan data in 2015: Variance contribution rates obtained by the MLE approach are as follows: Orthogonal Rotation. If is the common factor vector of the factor model, then ⃗ ⃗ ⃗ is also the common factor vector of any orthogonal matrix ⃗ ⃗ . Accordingly, the variance of the factor load matrix ⃗ ⃗ can be made as large as possible by conducting post-multiplication of orthogonal matrix , so as to simplify the structure of the common factors and indicate more specific meanings.
Orthogonal rotation common factors with maximum variance can be gained by conducting orthogonal rotation. Variance contributions after doing orthogonal rotation are as follows: The factor connotations can be identified according to the correlativity of normalized vector ⃗⃗ ⃗ and factor .
Based on the correlation coefficient of MLE results, it can be inferred that the first factor correlates highly with curb weight, length, width and space, which can be considered as the practical factor. The second factor can be regarded as the economical factor due to its high correlation with urban fuel consumption, suburban fuel consumption, and combined fuel consumption. The third factor has relatively high correlation with maximum vehicle speed, torque, power rating, and specific power, so it can be treated as the power-related factor.
Factor Scores. Based on identified factor connotations, factor scores need to be calculated to make a general evaluation on the comprehensive performance of vehicles and make a reasonable comparison between vehicles with different weights and of different levels.
Assume ⃗ ⃗ represents the correlation matrix, then the score coefficient matrix
Accordingly, factor score coefficient matrixes are as follows: factor 1, factor 2, factor 3 (denoted by , , )can be regarded as the practical factor, economical factor and power-related factor, according to the correlation coefficient in Table 4 and regression coefficient in Table 6 .
Taking actual physical significance into consideration, we can determine that the higher the practical and power-related factors score, the better the vehicle performance will be; in contrast, the lower the economical factor score, the better vehicle economy will be. In order to maintain uniform monotonicity, the economical factor is negated, i.e. Based on weights of the factors, a comprehensive evaluation indicator of the vehicle performance can be gained:
An Analysis on Evaluation Results
On the basis of factor scores, overall rankings of 708 sedans of different models can be made accordingly. See the economical factor ranking: Overall rankings based on weighted average are as follows: S60L is placed in front because of its outstanding power performance. BMW 5 series, Benz E-class and Audi A6L have larger space than S60L, but short of power performance.
Turbo is widely used in the cars which rank top of the overall rankings. Applying of energy-saving technologies is a great help of improving in the overall rankings.
